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Honorable  Pierre  S.  Du  Pont 
Governor  of  Delaware 
Dover,  DE  19901 


Dear  Governor  Du  Pont: 

Inclosed  is  the  Phase  I Inspection  Report  for  Hoopes  Dam  in  New  Castle 
County,  Delaware  which  has  been  prepared  under  authorization  of  the 
Dam  Inspection  Act,  Public  Law  92-367.  A brief  assessment  of  the 
dam's  condition  is  given  in  the  front  of  the  report. 

Based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  Hoopes  Dam,  a high  hazard  potential 
structure,  is  judged  to  be  in  fair  overall  condition  and  the  spillway 
is  considered  adequate.  To  insure  adequacy  of  the  structure,  the 
following  actions,  as  a minimum,  are  recoamended : 

a.  While  the  spillway  is  adequate  to  pass  the  Probable  Maximum 
Flood  without  overtopping,  the  dam  has  been  determined  to  be  unstable 
for  loading  conditions  imposed  by  the  PMF.  Post-tensioning  of  the  dam 
to  provide  adequate  stability  during  the  PMF  was  being  performed  ut 
the  time  of  the  inspection. 

b.  A flow  measuring  weir  has  been  constructed  to  monitor  seepage 
rates  from  the  left  abutment  downstream  of  the  dam.  Monthly 
monitoring  of  this  discharge  should  be  continued  to  detect  any  future 
changes  which  might  require  further  investigation. 

c.  Seepage  has  been  noted  issuing  from  the  downstream  face  of  Lhe 
dam  near  the  left  abutment.  A program  of  low  pressure  grouting  of  the 
deteriorated  concrete  within  the  dam  is  scheduled  to  be  performed  to 
correct  this  deficiency. 

d.  Vegetation  should  be  removed  from  the  downstream  channel. 


NAPEN-D 

Honorable  Pierre  S.  DuPont 


e.  The  discharge  control  valves  at  the  site  are  presently 
repaired  only  as  required.  The  valves  should  be  periodically  operated 
to  insure  proper  performance  during  potentially  hazardous  conditions. 

f.  A downstream  warning  system  should  be  developed.  During 
periods  of  heavy  rainfall,  the  dam  should  be  monitored  and  downstream 
residents  should  be  alerted  in  the  event  of  an  impending  failure. 

A copy  of  the  report  is  being  furnished  to  James  Wilson  III,  Delaware 
Department  of  Natural  Resources  and  Environmental  Control,  the 
designated  State  Office  contact  for  this  program.  Within  five  days  of 
the  date  of  this  letter,  a copy  will  also  be  sent  to  Congressman 
Thomas  B.  Evans.  Under  the  provision  of  the  Freedom  of  Information 
Act,  the  inspection  report  will  be  subject  to  release  by  this  office, 
upon  request,  five  days  after  the  date  of  this  letter. 

Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  Information  Services  (NTIS),  Springfield,  Virginia  22161  at 
a reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 

An  important  aspect  of  the  Dam  Safety  Program  will  be  the 
implementation  of  the  recoramendat ions  made  ns  a result  of  the 
inspection.  We  accordingly  request  that  we  be  advised  of  proposed 
actions  taken  by  the  State  to  implement  our  recommendations. 

Sincerely, 


1 Incl 
As  stated 


/ C/ 


X/OAMES  G.  TON 

///  Colonel  Corps  of  Engineers 


^T^District  Engineer 
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Thi*  dam  was  inspected  on  24  May  1979  by  O'Brien  S.  Cere  Engineers,  Inc. 
under  contract  to  the  U.S.  Amy  Engineer  District,  Philadelphia,  in 
accordance  with  the  National  Dam  Inspection  Act,  Public  Law  92-367. 

Hoopes  Dam,  a high  hazard  potential  structure,  is  judged  to  be  in  fair 
overall  condition  and  the  spillway  is  considered  adequate.  To  insure 
adequacy  of  the  structure,  the  following  actions,  as  a minimus,  are 
recommended : 

a.  While  the  spillway  is  adequate  to  pass  the  Probable  Maximus  Flood 
without  overtopping,  the  dam  has  been  determined  to  be  unstable  for 
loading  conditions  imposed  by  the  PMF.  Post-tensioning  of  the  dam  to 
provide  adequate  stability  during  the  PMF  was  being  performed  at  the  time 
of  the  inspection. 

b.  A flow  measuring  weir  has  been  constructed  to  monitor  seepage 
rates  from  the  left  abutment  downstream  of  the  dam.  Monthly  monitoring  of 
this  discharge  should  be  continued  to  detect  any  future  changes  which 
might  require  further  investigation. 

c.  Seepage  has  been  noted  issuing  from  the  downstream  face  of  the  dam 
near  the  left  abutment.  A program  of  low  pressure  grouting  of  the 
deteriorated  concrete  within  the  dam  is  scheduled  to  be  performed  to 
correct  this  deficiency. 

d.  Vegetation  should  be  removed  from  the  downstream  channel. 

e.  The  discharge  control  valves  at  the  site  are  presently  repaired 
only  as  required.  The  valves  should  be  periodically  operated  to  insure 
proper  performance  during  potentially  hazardous  conditions. 

f.  A downstream  warning  system  should  be  developed.  During  periods 
of  heavy  rainfall,  the  dam  should  be  monitored  and  downstream  residents 
should  be  alerted  in  the  event  of  an  impending  failure. 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I Investigations. 

Copies  of  these  guidelines  may  be  obtained  from  ithe  Office  of  Chief  of 
Engineers,  Washington,  D.C.  20314.  The  purpose  of  a Phase  I 
Investigation  is  to  identify  expeditiously  those  dams  which  may  pose 
hazards  to  human  life  or  property.  The  assessment  of  the  general  condition 
of  the  dam  is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation,  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are  beyond 
the  scope  of  a Phase  I Investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the 
time  of  inspection  along  with  data  available  to  the  inspection  team.  It  is 
important  to  note  that  the  condition  of  a dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions,  and  is  evolutionary 
in  nature.  It  would  be  incorrect  to  assume  that  the  present  condition  of 
the  dam  will  continue  to  represent  the  condition  of  the  dam  at  some  point 
in  the  future.  Only  through  continued  care  and  inspection  can  there  be  any 
chance  that  unsafe  conditions  be  detected. 

Phase  I inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maximum  Flood" 
for  the  region  (greatest  reasonably  possible  storm  runoff),  or  fractions 
thereof.  The  test  flood  provides  a measure  of  relative  spillway  capacity 
and  serves  as  an  aid  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general  con- 
dition and  the  downstream  damage  potential. 
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ASSESSMENT 


Based  upon  visual  observations  and  review  of  the  information  obtained  from 
the  City  of  V/ilmington,  Water  Division,  Edgar  M.  Hoopes  Dam  is  considered  to  be 
in  overall  fair  condition. 

Edgar  M.  Hoopes  Dam  is  a concrete  gravity  structure  about  849  feet  long 
with  a maximum  height  of  127  feet.  A 25-foot  wide  concrete  overflow  section  is 
located  near  the  center  of  the  dam  which  has  a crest  elevation  12  feet  below  the 
top  of  the  non-overflow  section. 

The  spillway  is  capable  of  discharging  100  percent  of  the  PMF  without 
overtopping  the  dam.  Therefore,  the  spillway  is  classified  as  "Adequate". 

O'Brien  & Gere  Engineers,  Inc.,  Justin  & Courtney  Division  recently  per- 
formed a study  of  conditions  at  Hoopes  Dam  for  the  City  of  Wilmington,  Delaware. 
Their  report,  entitled,  "Investigation  of  Edgar  M.  Hoopes  Dam",  dated  September 
1977,  presents  the  results  of  a detailed  analysis  of  conditions  noted  during  the 
Phase  I investigation.  This  report  is  enclosed  as  Appendix  G. 

The  following  observations  and  recommendations  listed  in  their  report  are 
currently  being  implemented  or  are  scheduled  to  be  performed  in  the  near  future 
by  the  City  of  Wilmington. 

a.  Facilities 

1.  The  dam  has  been  determined  to  be  unstable  for  loading  conditions 
imposed  by  a PMF  event.  The  recommended  post-tensioning  of  the  dam 
to  provide  adequate  stability  during  the  PMF  was  being  performed  at 
the  time  of  the  inspection. 

2.  A flow  measuring  weir  has  been  constructed  to  monitor  seepage  rates 
from  the  right  abutment  downstream  of  the  dam.  Monthly  monitoring 
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Date  of  Inspection: 


of  this  discharge  should  be  continued  to  detect  any  future  changes 
which  might  require  further  investigation. 

5.  Seepage  has  been  noted  issuing  from  the  downstream  face  of  the  dam 
near  the  left  abutment.  A program  of  low  pressure  grouting  of  the 
deteriorated  concrete  within  the  dam  is  scheduled  to  be  performed  in 
the  near  future. 

4.  Vegetation  should  be  removed  from  the  downstream  channel. 


leration  and  Maintenance  Procedures 


1.  The  discharge  control  valves  at  the  site  are  presently  repaired  only  as 
required.  The  valves  should  be  periodically  operated  to  insure  proper 
performance  during  potentially  hazardous  conditions. 


2.  No  flood  warning  system  is  in  effect  at  this  site.  A downstream 
warning  system  should  be  developed.  During  periods  of  heavy  rainfall, 
the  dam  should  be  monitored.  Downstream  residents  should  be  alerted 
in  the  event  of  an  impending  failure.  The  warning  system  should  remain 
in  effect  after  the  post-tensioning  to  provide  adequate  stability  of  the 
dam  during  the  PMF,  has  been  completed. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
EDGAR  M.  HOOPES  DAM  ID  //DE00015 

SECTION  1 

PROJECT  INFORMATION 


1.1  General 

a.  Authority.  This  report  is  authorized  by  the  Dam  Inspection  Act,  Public 
Law  92-367,  and  has  been  prepared  in  accordance  with  contract  0DACW  61-78-C- 
0052  between  O'Brien  & Gere  Engineers,  Inc.,  Justin  & Courtney  Division  and  the 
United  States  Army  Corps  of  Engineers,  Philadelphia  District. 

b.  Purpose  of  Inspection.  The  purpose  of  this  inspection  is  to  evaluate  the 
structural  and  hydraulic  condition  of  the  Edgar  M.  Hoopes  Dam  and  appurtenant 
structures  and  to  determine  if  the  dam  constitutes  a hazard  to  human  life  or 
property. 

1.2  Project  Description  (From  information  obtained  from  the  City  of  Wilmington, 
Delaware;. 


a.  Description  of  Dam  and  Appurtenances.  Hoopes  Dam  is  a concrete 
gravity  structure  approximately  845  feet  loncf,  with  a maximum  height  of  approxi- 
mately 127  feet.  The  dam  has  a vertical  upstream  face,  a top  width  of  19  feet  and 
an  average  downstream  slope  of  0.6H:1V.  The  base  of  the  structure  is  about  85 
feet  wide  at  the  maximum  section  and  is  provided  with  an  8-foot  by  8-foot  keyway 
cut  into  the  foundation  rock. 

The  uncontrolled  spillway,  located  near  the  center  of  the  dam,  consists 
of  two  bays,  each  about  12.5  feet  wide,  which  are  separated  by  a 3-foot  wide 
center  pier.  The  pier  helps  to  support  a reinforced  concrete  bridge  with  a low 
chord  about  9 feet  above  the  spillway  crest.  Discharge  over  the  spillway  crest  is 
guided  down  the  face  of  the  dam  by  two  concrete  training  walls  extending  above 
the  downstream  face  about  2.5  feet.  At  the  base  of  the  spillway,  the  channel  is 
constricted  and  the  discharge  is  directed  into  a 6-foot  square,  concrete  box 
culvert.  The  culvert  extends  about  400  feet  downstream  and  directs  the  discharge 
into  a trapezoidal  channel  with  a bottom  width  of  about  8 feet  and  side  slope  of 
approximately  1.5H:1V.  About  1,300  feet  downstream  of  the  dam,  flow  In  the 
trapezoidal  channel  discharges  into  Red  Clay  Creek. 

An  intake-outlet  chamber  is  constructed  about  75  feet  left  of  the 
spillway  along  the  upstream  face  of  the  dam  and  is  used  to  control  flow  out  of  the 
reservoir.  The  intake  consists  of  six,  3.5-foot  square,  grated  inlet  ports,  which  are 
clustered  in  two  sets  of  three  openings.  The  three  low  level  inlets  nre  vertically 
centered  about  Elev.  142.5  and  the  upper  level  inlets  are  vertically  centered  about 
Elev.  198.5.  A 24-inch  wide  by  42-inch  high  sluice  gate  operated  from  the  top  of 
the  dam  controls  discharge  into  a 36-inch  steel  outlet  pipe.  The  outlet  pipe 
extends  approximately  300  feet  downstream  and  terminates  nt  a pumping  station 
used  to  pump  water  to  the  City's  treatment  plant. 


A 36-inch  cast  iron  reservoir  drain  pipe  has  been  constructed  through 
the  dam  about  19  feet  left  of  the  spillway  centerline.  A concrete  vault  located  at 
the  downstream  toe  contains  two  horizontal-stem  gate  valves  used  for  operation  of 
the  reservoir  drain  pipe  which  terminates  at  the  entrance  to  the  box  culvert. 

b.  Location.  Hoopes  Dam  is  located  on  Barley  Mill  Road  about  4 miles 
northwest  of  Wilmington.  The  dam  site  is  shown  on  the  USGS  Quadrangle  entitled 
"Kennett  Square,  Pa.-Del."  at  coordinates  N 39°  46.4',  W 75°  38.1'.  A regional 
location  plan  is  enclosed  as  Plate  1,  Appendix  E. 

c.  Size  Classification.  Hoopes  Dam  is  classified  as  being  "Intermediate" 
on  the  basis  of  its  maximum  reservoir  storage  volume  of  11,000  acre-feet  which  is 
more  than  1,000  acre-feet,  but  less  than  30,000  acre-feet.  The  dam  has  a 
maximum  height  of  127  feet  which  places  it  in  the  "Large"  size  category  because 
it's  height  is  greater  than  100  feet.  The  overall  size  classification  is  the  larger  of 
these  two  determinations,  and  accordingly  the  dam  is  classified  as  "Large"  in  size. 

d.  Hazard  Classification.  Outflow  from  Hoopes  Dam  flows  into  Rod  Clay 
Creek  about  0.23  miles  downstream  of  the  dam.  A pump  station  (usually  manned) 
is  located  about  300  feet  downstream  of  the  dam.  Several  homes  are  located  along 
the  right  bank  of  Red  Clay  Creek  approximately  1 mile  downstream  of  the  dam,  in 
addition  to  roads  and  the  Baltimore  and  Ohio  Railroads.  Therefore,  the  dam  is  in 
the  "High"  hazard  category. 

e.  Ownership.  The  dam  is  owned  by  the  City  of  Wilmington,  Delaware, 
Department  of  Public  Works,  Water  Division,  800  French  Street,  Wilmington,  DF 
19801.  Telephone;  (302)  571-4171. 

f.  Purpose.  Hoopes  Dam  is  a pumped  storage  project  used  for  back-up 
water  supply  to  the  City  of  Wilmington. 

g.  Design  and  Construction  History.  Hoopes  Dam  (originally  Old  Mill 
Stream  Dam)  was  designed  by  Fuller  and  McClintock,  Consulting  Fnqineers,  03 
indicated  on  the  contract  drawings  dated  September  1929.  Construction  of  the 
dam  took  place  from  July  1930  to  February  1931. 

The  City  of  Wilmington,  Department  of  Public  Works  retained  O'Brien 
& Gere  Engineers,  Inc.,  Justin  & Courtney  Division  in  December  1976  to  investi- 
gate the  condition  of  Hoopes  Dam  and  to  determine  if  there  were  any  deficiencies 
or  potential  deficiencies  in  the  dam.  The  study  included  a review  of  the  contract 
drawings,  an  underwater  inspection  of  the  upstream  face,  a program  of  corinq  and 
sampling  of  the  concrete  in  the  dam  and  the  foundation  rock;  tension,  compression 
and  shear  testing  of  the  concrete  core  samples,  a seismic  and  geologic  study  in  the 
vicinity  of  the  dam  site,  a hydrologic  study  of  the  watershed  and  an  analysis  of  the 
structural  stability  of  the  dam. 

It  was  concluded  in  the  ensuing  report  (See  Appendix  G)  that  the 
spillway  was  adequate  to  pas3  the  Probable  Maximum  Flood  (PMF)  without 
overtopping  the  dam,  but  the  structure  would  be  unstable  for  the  loading  conditions 
imposed  by  this  event.  The  consultant  recommended  the  installation  of  post- 


tensioned  cables  anchored  in  the  foundation  rock  to  provide  adequate  dam  stability 
for  the  PMF  event. 

Subsequently,  O'Brien  & Gere  was  retained  by  the  Owner  to  prepare  a 
design,  cost  estimate,  and  contract  documents  for  Implementation  of  the  report 
recommendations.  The  scope  of  work  for  this  contract  included  post-tensioning  of 
the  dam,  measurement  of  hydrostatic  pressures  at  the  base  of  the  dam,  the 
acquisition  of  additional  foundation  rock  samples,  the  determination  of  the  location 
of  the  structure  and  foundation  interface,  and  construction  of  a weir  for  measure- 
ment of  seepage  noted  in  the  left  abutment. 

The  contract  for  this  work,  awarded  to  Nicholson  Anchorage  Company, 
Bridgeville,  Pa.,  in  March  1979,  was  in  progress  at  the  time  of  the  inspection. 

h.  Normal  Operating  Procedures.  Under  normal  operating  conditions,  the 
reservoir  is  self  regulating.  The  reservoir  pool  elevation  usually  fluctuates  at  or 
near  the  spillway  crest,  however,  on  the  day  of  the  inspection  the  reservoir  level 
was  about  10  feet  below  the  spillway  crest.  According  to  the  Owner's  repre- 
sentative, Mr.  John  Hanley,  because  of  high  turbidity  in  Brandywine  Creek,  water 
was  being  taken  from  Hoopes  Reservoir  for  the  City's  water  supply. 

1.3  Pertinent  Data 

a.  Drainage  Area.  The  drainage  area  above  the  structure  is  approximately 
2.0  square  miles,  as  taken  from  information  provided  the  City  of  Wilmington  and 
verified  on  topographic  maps. 

b.  Discharge  at  Dam  Site.  No  high  pool  or  spillway  discharge  records  were 
made  available.  The  spillway  capacity  at  the  design  top  of  dam  is  approximately 
3,200  cubic  feet  per  second  (cfs). 

c.  Elevation  (Feet-IJSGS  Datum) 


Top  of  Dam  232.0 

Spillway  Crest  220.0 

Outlet  pipe  invert  135.0 

Reservoir  drain  invert  117.5 

Streambed  at  centerline  of  dam  105.0 

d.  Reservoir  (miles) 

Length  of  Normal  Pool  2.8 

Length  of  Maximum  Pool  2.9 

Fetch  at  Normal  Pool  2.0 

e.  Storage  (Acre-feet) 

Normal  Pool  6,300 

Top  of  Dam  11,000 

f.  Reservoir  Surface  (Acres) 

Normal  Pool  192 


Top  of  Dam 


220 


g.  Dam  . 

Type 
Length 
Height 
Top  Width 

Side  Slopes  (upstream) 

(downstream) 


h.  Diversion  and  Regulating  Tunnel  . 


i.  Spillway  . 


Concrete  gravity 
845  feet 
127  feet 
19  feet 
Vertical 
Average  0.6H:1V 

Not  Applicable 


Type 

Length  of  weir 
Crest  elevation 
Gates 

U/S  Channel 
D/S  Channel 


Flat-crested,  concrete  overflow  spillway 

25  feet 
220.0 
None 
None 

6-foot  square  box  culvert 


j*  Regulating  Outlets.  The  reservoir  outlet  consists  of  a 36-inch  steel 
pipe  controlled  by  a sluice  gate  in  the  outlet  chamber.  In  addition,  a 36-inch  cast 
iron  reservoir  drain  pipe  controlled  by  gates  located  in  a downstream  vault  can  be 
used  for  reservoir  drainage. 
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SECTION  2 


ENGINEERING  DATA 


2.1  Design 

a.  Data  Available.  The  engineering  data  made  available  by  the  City  of 
Wilmington  includes  the  following: 

1.  Contract  Drawings  for  Old  Mill  Stream  Dam,  September  1929. 

2.  Report  entitled,  "Investigation  of  Edgar  M.  Hoopes  Dam"  by  O'Brien  & 
Gere  Engineers,  Inc.,  Justin  & Courtney  Division,  dated  September  1977 
(Appendix  G). 

3.  Contract  documents  for  Post -Tensioned  Strengthening  of  Edgar  M. 
Hoopes  Dam  dated  January  1979. 

b.  Design  Features.  The  principal  design  features  for  the  dam  and  its 
appurtenant  structures  are  shown  on  the  drawings  in  Appendix  E.  A description  of 
the  features  is  discussed  in  Section  1.2. a. 

2.2  Construction 


Based  upon  a comparison  between  the  contract  drawings  and  previous 
engineering  studies  (See  Section  1.2.g)  available  from  the  City  of  Wilmington,  it 
appears  that  the  dam  was  constructed  as  designed. 

2.3  Operation  Data 

The  City  of  Wilmington  maintains  records  of  discharge  and  reservoir 
pool  elevations  below  the  spillway  crest.  According  to  the  Owner's  representative, 
no  pool  elevation  records  are  maintained  for  elevations  above  the  spillway  crest 
and  there  is  no  record  of  maximum  stage  in  the  impoundment. 

2.4  Evaluation 


a.  Availability.  All  information  made  available  was  obtained  from  the 
City  of  Wilmington,  Delaware  and  O'Brien  & Gere  Engineers,  Inc.,  Justin  & 
Courtney  Division. 

b.  Adequacy.  The  information  made  available  concerning  design  and 
construction  is  adequate  for  a Phase  I investigation. 

c.  Validity.  There  is  no  reason  to  question  the  validity  of  the  data 
provided  by  the  City  of  Wilmington. 


SECTION  3 


VISUAL  INSPECTION 


3.1  Findings 

a.  General.  The  field  inspection  of  Hoopes  Dam  took  place  on  May  24, 
1979.  At  the  time  of  inspection,  the  reservoir  water  surface  was  about  10  feet 
below  the  spillway  crest.  According  to  the  Owner's  representative,  because  of  high 
turbidity  in  Brandywine  Creek,  water  was  being  taken  from  Hoopes  Reservoir  for 
the  City  of  Wilmington's  water  supply.  No  underwater  areas  were  inspected.  The 
dam  was  found  to  be  constructed  in  general  conformance  with  the  construction 
drawings. 


The  observations  and  comments  of  the  field  inspection  team  are  in  the 
checklist  which  is  Appendix  B of  this  report.  The  appearance  of  the  facility 
indicates  that  the  dam  and  its  apprutenances  are  maintained. 

b.  Dam.  Seepage  was  noted  issuing  from  a number  of  the  construction 
joints  in  the  downstream  face  of  the  structure.  At  many  locations,  calcification 
was  observed  along  the  very  slightly  opened  joints.  The  majority  of  the  seeps  are 
concentrated  near  the  east  abutment  about  60  feet  below  the  dam  crest.  The  total 
discharge  from  seepage  in  this  area  of  the  dam  was  estimated  at  about  one  gallon 
per  minute.  There  is  some  cracking  and  spalling  of  the  concrete  on  the 
downstream  face  of  the  dam,  although  there  are  no  large  areas  of  exposed 
aggregate.  There  are  no  indications  or  evidence  observed  of  distortions  in  vertical 
or  horizontal  alignment  or  grade  that  would  indicate  movement  of  the  dam. 

A zone  of  very  soft  ground  was  detected  on  the  east  abutment  slope 
about  50  feet  downstream  of  the  dam.  The  seepage  associated  with  this  wet  area 
travels  down  the  east  abutment  slope  through  a measuring  weir  and  into  the  box 
culvert.  The  flow  was  measured  to  be  about  5 gpm. 

The  Nicholson  Anchorage  Company,  Bridgeville,  Pa.,  was  in  the  process 
of  percussion  drilling  9-inch  diameter  holes  through  the  dam  for  installation  of 
post-tensioning  cables  at  the  time  of  inspection.  Section  1.2.g  describes  the  scope 
and  purpose  of  this  contract  authorized  by  the  City  of  Wilmington,  Delaware. 

c.  Appurtenant  Structures.  The  operating  assemblies  for  the  four  sluice 
gates  in  the  intake  structure  were  missing.  According  to  the  Owner's  repre- 
sentative, all  control  valves  are  operable  and  the  operating  wheels  are  stored  in  the 
pump  station  downstream  of  the  dam  to  insure  that  they  are  not  stolen.  The 
wheels  are  readily  available  when  needed. 

d.  Reservoir.  Reconnaissance  of  the  reservoir  disclosed  no  evidence  of 
significant  siltation,  slope  instability  or  other  features  that  would  adversely  affect 
reservoir  storage  capacity.  The  slopes  along  the  perimeter  of  the  reservoir  are  on 
gradients  which  overall  range  between  15  and  30  percent.  Nearly  all  of  the  terrain 
surrounding  the  reservoir  is  forested. 
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A two-lane  highway  supported  by  an  earth  dike  (causeway)  has  been 
constructed  across  the  northern  end  of  the  reservoir.  The  causeway  is  approxi- 
mately 500  feet  long  with  the  surface  of  the  road  elevation  about  8 feet  above 
normal  pool.  Upstream  of  the  causeway  a shallow  impoundment  is  created  with  an 
estimated  surface  area  of  18  acres.  The  impoundment  is  connected  to  Hoopes 
Reservoir  by  two  double-box  concrete  culverts.  Each  opening  is  5 feet  high  by  5 
feet  6-inches  wide  and  30  feet  long.  The  impoundment  is  maintained  near  the 
Hoopes  Dam  spillway  crest  elevation  with  wooden  flashboards  placed  within  each 
culvert. 

e.  Downstream  Channel.  The  Old  Mill  Stream  valley  has  steep  (up  to  30 
percent  gradients)  forested  slopes  and  a floor  about  0.1  mile  wide.  The  outlet 
channel  downstream  of  the  6-foot  square  box  culvert  is  a small  trapezoidal  section 
overgrown  with  brush  and  small  trees.  The  trapezoidal  channel  has  a bottom  width 
of  about  8 feet  and  the  side  slopes  are  approximately  1.5H:1V.  The  confluence  of 
this  channel  with  Red  Clay  Creek  is  about  1,300  feet  downstream  of  the  dam.  The 
potential  damage  area  along  Red  Clay  Creek  is  a narrow,  forested  meandering 
stream  valley  which  contains  a number  of  homes,  roads,  and  the  Baltimore  and 
Ohio  Railroad. 


SECTION  4 


OPERATIONAL  PROCEDURES 


4.1  Procedures 

Hoopes  Reservoir  is  used  to  provide  supplemental  storage  for  the  City  of 
Wilmington's  water  system.  Under  normal  operating  conditions  the  reservoir  is  self 
regulating.  The  pool  elevation  fluctuates  at  or  near  the  spillway  crest.  However, 
during  periods  of  high  turbidity  or  low  flow  in  the  Brandywine  Creek,  the  City's 
primary  water  supply  source,  reservoir  storage  is  available  to  meet  daily  demand 
requirements.  The  sluice  gate  operated  from  the  top  of  the  dam  is  normally  in  the 
open  position  and  reservoir  discharges  are  controlled  by  valves  in  the  pumphouse 
downstream.  This  facility  can  be  used  to  pump  water  into  Hoopes  Reservoir  during 
periods  of  low  system  demand  and  high  discharge  with  low  turbidity  in  Brandywine 
Creek* 

4.2  Maintenance  of  the  Dam 


The  dam  is  maintained  by  the  City  of  Wilmington,  Delaware,  Department  of 
Public  Works,  Water  Division.  The  structure  is  inspected  on  a regular  basis  and 
repairs  are  performed  as  required. 

4.3  Maintenance  of  Operating  Facilities 

The  operating  facilities  are  maintained  by  the  City  of  Wilmington,Delaware, 
Department  of  Public  Works,  Water  Division.  AH  control  valves  at  the  site  are 
operable  and  are  repaired  when  needed  according  to  the  Owner’s  representative. 

4.4  Description  of  any  Warning  System  in  Effect 

There  is  no  warning  system  or  procedure  established  to  be  followed  during 
periods  of  exceedingly  heavy  rainfall.  However,  a City  employee  is  at  the  site  at 
least  once  each  day  to  measure  reservoir  levels. 

4.5  Evaluation  of  Operational  Adequacy 

A program  of  regular  operation  of  all  outlet  control  valves  should  be 
implemented  to  insure  proper  performance  for  possible  drawdown  of  the  reservoir 
during  potentially  hazardous  conditions.  A formal  warning  system  should  be 
developed  because  of  the  possibility  of  loss  of  life  and  excessive  property  damage 
downstream  in  the  event  of  a failure  of  the  dam. 
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SECTION  5 


HYDRAULICS  AND  HYDROLOGY 


5.1  Evaluation  of  Features 


a.  Design  Data.  No  information  is  available  concerning  design  data  for 
Hoopes  DariT  Visual  inspection  of  the  existing  facilities  indicates  that  the  dam 
appears  to  be  built  in  general  conformance  with  the  available  construction 
drawings. 


The  Hoopes  Reservoir  watershed  is  a long,  narrow  basin  with  a total 
drainage  area  of  2 sguare  miles.  Elevations  range  from  420.0  to  220.0  at  normal 
reservoir  level.  The  watershed  is  almost  entirely  wooded  and  contains  a few 
private  homes  and  farms  in  its  upper  reaches.  It  is  not  expected  that  runoff 
characteristics  of  the  watershed  will  change  appreciably  in  the  foreseeable  future. 

b.  Experience  Data.  According  to  the  Owner’s  representative,  no 
reservoir  stage  records  are  maintained  for  above  the  spillway  crest  for  this  site, 
and  no  estimates  could  be  given.  The  Owner  only  maintains  reservoir  pool  levels 
below  the  spillway  crest. 

c.  Visual  Observation.  The  spillway  system  appears  to  be  in  good 
condition.  On  the  day  of  the  inspection,  there  was  no  evidence  of  materials  which 
could  obstruct  the  spillway.  Observations  regarding  the  condition  of  the 
downstream  channel,  spillway  and  reservoir  are  discussed  in  Appendix  B and 
Section  3. 


d.  Overtopping  Potential.  The  Spillway  Design  Flood  (SDF)  for  this  site 
based  upon  the  dam  height,  storage  capacity  and  distance  to  the  hazard  area  is 
determined  to  be  the  Probable  Maximum  Flood  (PMF). 

The  peak  inflow  and  outflow  rates  for  the  SDF  were  determined  to  be 
8,444  cfs  and  2,145  cfs,  respectively.  Based  upon  the  hydrologic  analyses,  the 
spillway  is  capable  of  discharging  100  percent  of  the  PMF  without  overtopping  of 
the  dam  (See  Appendix  C for  computations). 

e.  Spillway  Adcguacy.  The  spillway  system  is  "Adeguate"  since  the 
spillway  system  will  pass  the  entire  PMF  without  overtopping  of  the  dam. 


SECTION  6 


STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations.  Seepage  was  observed  to  be  flowing  from  a 
number  of  construction  joints  on  the  downstream  face  of  the  dam.  At  several 
locations,  calcification  was  observed  along  the  very  slightly  opened  joints.  Most  of 
the  seeps  are  concentrated  near  the  east  abutment  approximately  60  feet  below 
the  top  of  the  dam.  It  was  estimated  that  there  is  about  one  gallon  per  minute 
total  seepage  discharge  in  this  area  of  the  dam.  There  is  some  cracking  and 
spalling  of  the  concrete  on  the  downstream  face  of  the  dam,  although  there  are  no 
large  areas  of  exposed  aggregate.  There  are  no  indications  or  evidence  observed  of 
distortions  in  vertical  or  horizontal  alignment  or  grade  that  would  indicate 
movement  of  the  dam.  No  other  structural  inadeguacies  were  noted 
during  the  visual  inspection. 

b.  Design  & Construction  Data.  The  dam  appears  to  have  been  built  in 
general  conformance  with  the  construction  drawings.  Stability  analyses  were 
performed  by  O'Brien  & Gere  Engineers,  Inc.,  in  1977  to  determine  if  there  v/ere 
any  deficiencies  or  potential  deficiencies  in  the  dam  as  designed  and  constructed. 

c.  Operating  Records.  The  Owner  only  maintains  reservoir  pool  levels 
below  the  spillway  crest;  the  maximum  pool  of  record  is  unknown. 

d.  Post-Construction  Changes.  A contract  for  the  post -tensioning  of 
Hoopes  Dam  was  in  progress  at  the  time  of  inspection.  According  to  the  Owner's 
representative,  there  have  been  no  other  post-construction  changes. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  1 of  the  "Seismic 
Zone  Map  of  Contiguous  States".  It  can  normally  be  considered  that  if  a dam  in 
this  zone  is  stable  under  static  loading  conditions,  it  can  be  assumed  safe  for  any 
expected  earthquake  conditions. 

f.  Evaluation.  Stability  analyses  of  the  dam  (performed  by  O'Brien  & Gere 
Engineers,  Inc.)  indicate  that  the  foundation  reaction  is  not  in  the  middle  third  of 
the  base  for  loading  conditions  imposed  by  the  PMF  event.  The  dam  is  stable  under 
normal  loading  conditions  and  would  be  stable  for  up  to  a 100  year  statistical  flood 
loading  condition  (National  Weather  Service,  TP  /MO,  6 hr.,  100  yr.  rainfall).  The 
results  of  the  stability  analyses  are  presented  on  Plates  4 through  7 of  Appendix  E. 


SECTION  7 


ASSESSMENT,  RECOMMENDATIONS  AND 
PROPOSED  REMEDIAL  MEASURES 


7.1  Dam  Assessment 

a.  Safety.  The  visual  inspection  and  review  of  the  material  supplied 
by  the  City  of  Wilmington,  Delaware  indicates  that  the  structure  is  in  fair 
condition  and  was  built  in  general  conformance  with  the  drawings. 

Examination  of  the  hydrologic  and  hydraulic  calculations,  shown  in 
Appendix  C,  indicate  that  the  spillway  system  will  pass  100  percent  of  the  PMF. 
Therefore,  the  spillway  of  the  structure  is  considered  to  be  "Adeguate". 

According  to  stability  analyses  performed  by  O'Brien  & Gere  Engineers, 
Inc.,  the  foundation  reaction  is  not  in  the  middle  third  of  the  base  for  loading 
conditions  imposed  by  the  PMF  event.  The  dam  is  stable  under  normal  loading 
conditions  and  would  be  stable  for  up  to  a 100  year  statistical  flood  loading 
condition  (National  Weather  Services,  TP  //AO,  6 hr.,  100  yr.,  rainfall).  The  results 
of  the  stability  analyses  are  presented  on  Plates  4 through  7 of  Appendix  E. 

The  seepage  noted  issuing  from  the  downstream  face  of  the  dam  has 
been  previously  investigated  by  core  borings  through  the  dam.  The  concrete 
samples  obtained  at  the  elevation  of  the  seeps  were  badly  fractured  and  of  poor 
quality  with  approximately  one  quarter  inch  diameter  cavities  apparent.  It  is 
probable  that  the  leakage  is  the  result  of  water  seepage  through  this  zone  of  weak 
and  porous  concrete. 

b.  Adequacy  of  Information.  The  available  information  obtained  from  the 
City  of  Wilmington,  Delaware,  along  with  visual  observation  made  during  the 
inspection  are  considered  to  be  sufficient  to  make  a reasonable  assessment  of  the 
dam. 


c.  Urgency.  The  recommended  remedial  measures  in  Section  7.2  should  be 
performed  in  the  near  future. 

d.  Necessity  for  Further  Investigations.  No  further  investigations  are 
necessary  at  Hoopes  Dam.  Obrien  & Gere  Engineers,  Inc.,  has  been  studying  the 
conditions  at  the  site  since  1977.  Remedial  repairs  are  currently  being  imple- 
mented or  are  scheduled  to  be  performed  in  the  near  future  by  the  City  of 
Wilmington  according  to  the  recommendations  presented  in  the  O'Brien  & Gere 
report  of  September,  1977. 

7.2  Recommendations  and  Remedial  Measures 


a.  Facilities  . 

1.  The  dam  has  been  determined  to  be  unstable  for  loading  conditions 
imposed  by  n PMF  event.  The  recommended  post-tpnsioning  of  the  dam 
to  provide  adequate  stability  during  the  PMF  was  being  performed  at 
the  time  of  the  inspection. 


A flow  measuring  weir  has  been  constructed  to  monitor  seepage  rates 
from  the  left  abutment  downstream  of  the  dam.  Monthly  monitoring  of 
this  discharge  should  be  continued  to  detect  any  future  changes  which 
might  require  further  investigation. 

Seepage  has  been  noted  issuing  from  the  downstream  face  of  the  dam 
near  the  left  abutment.  A program  of  low  pressure  groutinq  of  the 
deteriorated  concrete  within  the  dam  is  scheduled  to  be  performed  in 
the  near  future. 

Vegetation  should  be  removed  from  downstream  channel. 

Operation  and  Maintenance  Procedures 


The  discharge  control  valves  at  the  site  are  presently  repaired  only  as 
required.  The  valves  should  be  periodically  operated  to  insure  proper 
performance  during  potentially  hazardous  conditions. 

No  flood  warning  system  is  in  effect  at  this  site.  A downstream 
warning  system  should  be  developed.  During  periods  of  heavy  rainfall, 
the  dam  should  be  monitored.  Downstream  residents  should  be  alerted 
m the  event  of  an  impending  failure.  The  warning  system  should  remain 
in  effect  after  the  post-tensioninq  to  provide  adequate  stability  of  the 
dam  during  the  PMF,  has  been  completed. 
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SITE  GEOLOGY 


EDGAR  M.  HOOPES  DAM 


Hoopes  Dam  is  located  in  the  Upland  section  of  the 
Piedmont  Physiographic  province.  Foundation  bedrock  at 
the  dam  site  consists  of  foliated  schists  and  gneisses  com- 
prising the  Paleozoic  Wissahickon  formation.  According  to 
a study  performed  by  Dr.  Allan  M.  Thompson  for  O'Brien  & 

Gere  Engineers,  Inc.,  the  dam  straddles  the  contact  between 
gneissic  rocks  to  the  west  and  pelitic  schists  to  the  east. 
In  his  report.  Dr.  Thompson  concludes  that  the  contact  is 
probably  not  a fault,  but  one  of  a number  of  fracture  zones 
which  comprise  a lineament  observed  on  satellite  photos  and 
confirmed  by  an  aeromagnetic  survey.  Dr.  Thompson  further 
stated  that  groundwater  flow  through  the  shear  zone  may 
cause  preferential  weathering  of  the  bedrock  beneath  the 
dam.  The  seepage  noted  during  the  visual  inspection  on 
the  east  abutment  below  the  dam  may,  therefore,  be  reservoir 
water  traveling  beneath  the  dam  through  this  fracture  zone. 
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I.  INTRODUCTION 


The  Department  of  Public  Works  of  the  City  of  Wilmington,  Delaware 
retained  Justin  and  Courtney,  Inc.  by  contract  dated  December  3,  1976  to 
investigate  the  condition  of  Hoopes  dam,  a 127  foot  high  concrete  gravity 
dam  west  of  the  city  of  Wilmington,  to  determine  if  there  are  any  deficien- 
cies or  potential  deficiencies  in  the  dam.  This  report  presents  the  results 
of  these  investigations,  which  included:  a review  of  existing  drawings  of  the 
dam,  an  underwater  inspection  of  the  upstream  face  of  the  dam,  a program  of 
drilling  and  sampling  of  the  concrete  in  the  dam  and  the  foundation  rock, 
laboratory  testing  of  concrete  core  samples,  a seismic  and  geologic  study 
of  the  area,  a hydrologic  study  of  the  watershed,  and  an  analysis  of  the 
structural  stability  of  the  dam.  The  underwater  inspection  was  done  by 
Walker  Diving  Conpany  of  Laurel  Springs,  New  Jersey.  The  boring  work  was 
done  by  Law  Engineering  Testing  Company  of  McLean,  Virginia  and  Sprague 
and  Henwood,  Inc.  of  Bridgeport,  New  Jersey.  Laboratory  testing  of  concrete 
core  samples  was  done  by  Law  Engineering  Testing  Co. . The  detailed  seismic 
and  geologic  study  was  done  by  Dr.  Allan  M.  Thompson  of  the  University  of 
Delaware. 


II.  PROJECT  DESCRIPTION 


Edgar  M.  Hoopes  dam  is  located  on  Old  Mill  Stream  about  four 
miles  northwest  of  the  City  of  Wilmington,  Delaware,  as  shown  on  Figure  1. 
The  capacity  of  the  reservoir  is  about  two  billion  gallons  and  the  reser- 
voir covers  an  area  of  about  200  acres  at  the  spillway  level.  The  reser- 
voir stores  runoff  from  the  two  square  mile  drainage  area  upstream  of  the 
dam  and  water  which  is  pumped  into  the  reservoir  from  Brandywine  Creek. 

The  water  from  Hoopes  reservoir  is  released  into  the  City  of  Wilmington’s 
water  system  for  treatment  and  distribution. 

The  dam  is  a concrete  structure  127  feet  high  and  845  feet  long 
which  was  built  by  the  City  of  Wilmington  in  1929 . A plan  and  cross- 
sections  of  the  dam  are  shown  on  Figures  2 and  3.  The  dam  has  a vertical 
upstream  face  and  an  average  downstream  slope  of  about  0.6  foot  horizontal 
to  one  foot  vertical.  Control  of  the  flow  out  of  the  reservoir  is  accom- 
plished by  gates  located  in  a gate  chanter  near  the  center  of  the  dam.  A 
pulping  station  is  located  300  feet  downstream  of  the  dam,  with  a 36  inch 
steel  pipe  connecting  the  dam  and  the  pumping  station. 

The  spillway  consists  of  two  openings  near  the  center  of  the  dam, 
each  12.5  feet  wide  by  9.5  feet  high.  The  spillway  discharge  flows  into  a 
chute  on  the  downstream  face  of  the  dam  and  then  into  a 6 foot  by  6 foot 
box  culvert  500  feet  long,  which  discharges  into  the  Old  Mill  Stream  which 
flows  into  Red  Clay  Creek.  From  Red  Clay  Creek,  the  water  flows  into  White 
Clay  Creek,  the  Christiana  River  through  Wilmington,  and  into  the  Delaware 
River. 
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Hoopes  dam  is  in  the  large  size  category  and  has  a high  hazard 
potential.  The  hazard  potential  classification  pertains  to  the  "potential 
loss  of  human  life  or  property  damage  in  the  area  dcwnstream  of  the  dam  in 
the  event  of  failure  or  misoperation  of  the  dam  or  appurtenant  facilities".^ 
The  high  hazard  potential  category  covers  those  structures  where  many  lives 
would  be  lost  and  extensive  damage  would  result  from  failure  or  misoperation 
of  the  dam.  Placing  Hoopes  dam  in  the  high  hazard  potential  category  says 
nothing  about  the  possibility  of  the  dam  failing,  but  only  describes  the 
consequences  of  failure  should  it  occur.  The  potential  loss  of  htrnan  life 
or  property  damage  in  the  event  of  a failure  of  Hoopes  dam  is  high-  There- 
fore, conservative  design  criteria  should  be  used  to  evaluate  the  dam.  The 
design  criteria  used  for  the  analysis  of  the  dam  described  in  this  report 
are  commensurate  with  the  size  and  hazard  potential  classifications  for 
Hoopes  dam. 


^Recommended  Guidelines 
Office  of  the  Chief  of 


for  Safety  Inspection  of  Dams,  Dept,  of  Amy, 
Engineers,  Washington,  D.C. 


III.  HYDROLOGY 


Since  Hoopes  dam  has  a small  drainage  area,  rainfall  on  the  water- 
shed will  produce  relatively  small  flood  discharges . However,  since  Hoopes 
dam  is  a large  dam  with  a high  hazard  potential,  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams  states  that  the  dam  should  be  able  to  pass  the 
flood  produced  by  the  Probable  Maximum  Flood  (PMF)  without  endangering  the 
dam.  The  Probable  Maximum  Flood  is  the  flood  that  may  be  expected  from  the 
most  severe  coobination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  The  PMF  is  derived  from  Proba- 
ble Maximum  Precipitation  (PMP) , which  is  available  from  the  National  Weather 
Service. 

The  PMF  at  Hoopes  dam  has  a peak  discharge  of  13,800  cubic  feet 
per  second  (cfs) . The  peak  outflow  over  the  spillway  after  this  flood  has 
been  routed  through  the  reservoir,  is  2,000  cfs,  assuming  that  the  reservoir 
is  at  the  spillway  crest  at  the  beginning  of  the  storm.  It  is  seen  from  the 
large  reduction  in  peak  discharge  that  most  of  the  inflow  is  stored  in  the 
reservoir  during  the  period  of  high  inflow.  The  inflow  and  outflow  hydro- 
graphs are  shown  on  Figure  4. 

The  spillway  crest  elevation  is  220  and  the  elevation  of  the  top  of 
the  dam  is  232.  The  maximum  reservoir  elevation  produced  by  the  PMF  is  228.3. 
Since  the  PMF  can  be  passed  over  the  spillway  without  overtopping  the  dam, 
it  is  concluded  that  the  spillway  for  Hoopes  dam  is  hydraulically  adequate. 
The  PMF  would  still  damage  downstream  facilities,  but  the  reservoir  storage 
would  reduce  the  flood  peak  and  downstream,  damages . 
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IV.  GEOLOGY  AND  SEISMIC  POTENTIAL 

The  geologic  environment  and  seismic  potential  of  Hoopes  Ham  has 
been  studied  in  detail  by  Dr.  Allan  Thompson  of  the  University  of  Delaware. 

A copy  of  his  report  is  included  in  the  appendix.  This  study  was  initiated 
because  of  the  discovery  on  a land  satellite  photograph  of  a lineanent  or 
straight  line  on  the  ground  running  through  Hoopes  dam  and  reservoir.  Due 
to  the  scale  of  the  satellite  photo,  this  "line"  on  the  photograph  is  actual T 
a zone  200  to  300  yards  wide  on  the  ground.  The  appearance  of  this  lineament 
suggested  the  possible  existence  of  a fault  or  some  other  anomalous  geologic 
condition  near  the  dam.  Since  earthquakes  have  occurred  recently  in  Delaware 
and  since  an  active  fault  at  this  location  could  have  serious  consequences 
with  respect  to  the  dam,  it  was  essential  to  determine  whether  or  not  this 
lineament  represents  a threat  to  the  safety  of  the  dam.  The  geologic  study 
was  undertaken  to  make  this  determination  and  to  investigate  any  other  geolog 
conditions  which  would  affect  the  dam. 

A number  of  faults  and  fractures  in  the  rock  in  the  vicinity  of  the 
dam  were  found  or  postulated.  Two  major  faults  which  were  formed  during 
the  metamorphic  alteration  of  the  rock  were  discovered,  but  they  show  no 
evidence  of  movement  since  the  rock  has  hardened.  Other  faults  were  inferred 
from  aercmagnetic  and  air  photo  analysis  or  were  noted  during  the  rock  boring 
program.  However,  no  evidence  was  uncovered  which  indicates  that  any  of  the 
faults  are  active  or  should  be  cause  for  concern  regarding  the  safety  of  the 
dam.  No  fault  or  faults  were  discovered  in  the  exact  location  and  direction 
of  the  lineament,  although  the  rock  in  this  area  contains  many  fractures.  It 
is  therefore  concluded  that  the  lineament  is  a zone  of  fractures  rather  than 
a fault . 


-5- 


A fracture  zone  was  encountered  in  the  rock  at  a depth  of  55  feet 
in  the  borehole  drilled  in  the  east  abutment  of  the  dam.  (Logs  of  the 
borings  are  included  in  the  geological  report  in  the  appendix).  This  is 
of  special  interest  because  of  the  leakage  which  appears  downstream  of  the 
dam  on  the  east  abutment.  It  is  suspected  that  reservoir  leakage  is  travellir 
through  this  fracture  zone  in  the  abutment  and  coming  out  downstream  of  the 
dam,  but  this  was  not  verified  by  the  geological  investigations.  Fracture 
zones  other  than  the  one  encountered  in  the  drilling  program  are  postulated 
to  exist  near  the  center  and  west  abutment  areas  of  the  dam.  Further  in- 
vestigation of  these  areas  is  reconmended  by  the  geologist  since  leakage 

through  fractured  zones  may  cause  accelerated  weathering  and  alteration  of 
the  condition  of  the  rock. 

It  is  concluded  that  seismic  activity  is  not  likely  to  occur  along 
the  faults  near  Hoopes  dam.  However,  the  occurrence  of  minor  earthquakes 
m the  Delaware  region  means  that  stress  is  building  up  in  the  area  and 
future  earthquakes  are  possible.  It  is  therefore  recorded  that  the  dam 
be  analyzed  for  a ground  acceleration  coefficient  of  0.10  g,  which  has  been 

done.  The  results  of  this  analysis  are  described  in  Section  V of  this 
report. 
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